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ABAQUS, 261 
Accident transient, 228 
Acoustic emission examination, 285-6 
Acoustic emission measurements, 199-202 
ADINA code, 288 
Annealed pressure vessels, surveillance 
program for. See Surveillance 
program 
Annealing 
of irradiated pressure vessel weldments, 
155-70 
discussion, 295 
Arrested crack reinitiation, 235 
ASME Code, 14, 64, 67, 260 
Section III, 21, 246, 340, 347, 351 
Section XI, 80, 166, 222-4, 229, 231, 
233, 235, 252, 262, 305, 311, 349 


Balance-of-plant (BOP) piping, 240 

Barseback nuclear power station, 318 

Beaver Valley Power Station—Unit 2 
(BPVS-2), 237-54 

Boiling water reactors (BWR), 4, 12, 
17-29, 44-5, 47-57, 87, 119, 293, 
310-11, 332, 336, 338 

Bursting pressures, 274 


CANDU Class | carbon steel piping, 
255-63 


Carbon dioxide, 49-50 
Carbon steel piping, 255-63, 311 
erosion-corrosion, 331, 333 
Carbonate, 49-50 
CE/EPRI 
crack arrest program, 207 
experiments, 211-14 
tests, 209, 211-14 
Ceramics coatings, 83-7 
Charpy 
specimens, 156 
transition temperature, 158, 161, 166-7, 
168-9, 178, 181 
upper shelf toughness monitoring, 167 
V energy values, 272 
CHEC (Chexal Horowitz Erosion 
Corrosion code), 333-5, 338 
Chemistry factor, 174, 177, 179, 181-3 
Chernobyl accident, 316, 318, 327 
Chloride impurity effects, 53-6 
Compact tension (CT) specimens, 120, 131 
Constant-extension rate tests (CERT), 
47-8, 120 
Copper impurity effects, 53-6 
Corrosion, 3 
flaws resulting from, 83 
safe detection of component behaviour, 
152-3 
thermal shock tests, 187-205 
see also Erosion-corrosion 
Corrosion fatigue, 124-5 
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Crack advance verification system (CAVS), Fatigue 


4 
Crack arrest, 278 
evaluation, 227-36 
experiments, 211-14 
multiple, 218 
stress intensity factor at, 207-25 
discussion, 297-9 
tests, 223 
verification system (CAVS), 6 
case histcry, 12-14 
Crack driving ‘force, 274 
Crack growth 
analysis, {2-14 
discussion, 297 
monitoring, 283-6 
prediction, 14 
thermal shock tests, i87-205 
Crack initiation, 274, 287 
discussion, 297 
thermal shock tests, 187-205 
Crack ligament strains, 279 
Crack nucleation versus crack growth, 
135-8 


Crack opening displacement (COD), 273, 


283-5 
Crack propagation, 278 
discussion, 297 
dynamics of, 208 
evaluation, 252-3 
Crack stability 
under excessively high loads, 250 
under normal plus SSE loads, 
247-50 
Critical crack depth diagram, 229-30 


Data acquisition, 96 
Decontamination process, 44 


Double cantilever beam (DCB) specimens, 


120, 131 


Eddy current technology, 96-100 
EDDY-360, 96-100 
EDM (electric discharge machining), 
97-100 
Electro-polishing, 45 
Erosion-corrosion, 3 
carbon steel piping, 331, 333 
pipe wall thinning due to, 311-12 
piping failure, 312-13, 331-43 
discussion, 359 


analysis, 143-70 
comments on present practice, 145-8 
discussion, 294 
plant experience, 148-52 
safe detection of component 
behaviour, 152-3 
crack growth, 76-7, 348-9 
damage, 148 
endurance limit, 147 
monitoring, 9-12 
usage factor, 147 
usage procedure, 10 
Finite element method, 266, 280, 287, 288, 
348 


Flange seal surfaces, 83-7 
Flaw prevention, 83-93 
discussion, 114-15 
FLET computer code, 247 
Fluence factor, 174, 181 
Fracture 
analysis, 349 
behaviour of pressure vessels, 265-91 
mechanics, 120, 204, 207, 227, 228, 
258 
future investigations, 222-4 
resistance curves, 272 
surface, 278 
toughness, 280 


Gas tungsten arc welding (GTAW) 
process, 61, 241 


Heat treatment processes, 41-2, 100-5 

Heat-affected zone (HAZ), 23-8, 69 

Heating stress improvement (IHSI), 70 

HSST/NBS wide plate program, 207 

HSST/ORNL pressurized thermal shock 
program, 207 

Hydrogen water chemistry (HWC), 48, 
50-5, 112, 311 

Hydrotest, 265-91 


IHSI (introduction heating stress 
improvement) heat sink welding, 
18 
Impurity effects 
in water chemistry, 47-57 
discussion, 112-13 
Inconel 600, 95 
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Independent Third Party Inspection 
Agency (ITPIA), 351, 362 

Independent Validation Center (IVC), 362 

Induction heating stress improvement 
(IHSI), 87 

Influence coefficients, 223 

Inspection 

authorised agency role, 351-2 
in-process and in-service, 350-1 

Instrumentation, 271-3 

Intergranular stress corrosion cracking 
(IGSCC), 3, 18, 47-57, 30-82, 87, 
90, 95, 310-11 

International Cooperative Group on 
Cyclic Crack growth (ICCGR), 
124, 125 

Irradiated pressure vessel steel, annealing, 
155-70 

Irradiated pressure vessel weldments, 
annealing of, discussion, 295 

Irradiation embrittlement, 3 

Irradiation of pressure vessel materials, 
171-85 


J-integral, 274, 288 


Laser irradiation, 85 
Last-pass heat sink welding (LPHSW), 18, 
69, 70 


Leak-before-break (LBB), 237-63 
application of, 260 
approach to, 256-8 
areas of further work, 262-3 
criteria assessment, 265 
discussion, 299-302 
formulation of, 258-60 
leak detection capabilities, 244-5 
leak rate estimates, 246-7 
licensing requirement, 256 
sample calcuiaticns, 245-52 
status of, 261-2 
systems approach to, 259 
Licensee Event Reports (LERs), 148 
Life estimation flow chart, 153 
Ligament yielding, 281-2 
Light-water reactors (LWRs), 144, 147-9, 
152, 293 
LINDE 80 and LINDE 1092 weldments, 
179-84 
Low alloy steel plate, 175 
Low alloy steels, 293 
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Magnesium chloride, 72-3, 90 
Materials 
characterization, 271 
monitoring, 4-6 
research, 266-7 
Mechanical stress improvement process. 
See MSIP 
Microhardness tests, 156 
Mind-sets, 315-30" 
about non-mechanical matters, 322-3 
and organizations, 325-6 
attitudes about, 317 
discussion and conclusions, 328-30 
examples of, 318-22 
human aspects of, 323-5 
Moment modified compact tension 
(MMCT) 
test results, 219-21 
test specimen, 211-14 
tests, 233 
MSIP (mechanical stress improvement 
process), 17-19, 22-9 
24-ia tool with box presses, 28 
basic concept of, 23 


Neutron fluence, 229 
Nitrate impurity effects, 52-3 
Nondestructive examination, 59-82, 350, 
359-60 

weld overlay repair, 78-9 
Normal water ciemistry (NWC), 48, 50-3 
Nuclear Installation Inspectorate (NII), 356 
NUREG-0313, 62 


OCA program, 223, 229, 233 
On-line monitoring, 3-16 
discussion, 109-15 
types of systems, 4 
ORNL dynamic analysis, 222 
Oxygen effects on growth rates, 128-9 
Oxygen injection, 336 


Peening processes, 38-41 
PH effects, 50, 147, 336, 359 
PICEP code, 246 
Pipe crack monitor (PCM), 4 
Pipe wall thinning due to erosion- 
corrosion, 311-12 
Pipelccks, 17, 19-22 
end-cap application, 21 
equilibrium and kinematics, 20 
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Pipelocks—contd. 
protecting bimetallic safe-end 
weldments, 21 
typical cross-section, 20 
Pipe-whip restraints, 257 
Piping 
design changes, 338 
engineering analysis, 338 
failure 
due to erosion-corrosion, 312-13 
erosion-corrosion in, 331-43 
implications of, 331-43 
locations, 149 
see also Leak-before-break (LBB) 


problems, 309-13 
discussion, 355-6 
repair/replacement options, 338 
steels, 119-42 
discussion, 293 
PISC trials, 361, 363 
Potential drop measurement, 273 
Pressure tests, 267-73 
results and discussion, 276-88 
Pressure Vessel Quality Assurance Board 
(PVQAB), 351 
Pressure vessel steels, 119-42 
Pressure vessels, 187-205 
annealed, surveillance program. See 
Surveillance program failures 
attitudes about consequences, 326-7 
attitudes and mind-sets, 315-30 
mechanisms, 276 
fracture behaviour of, 265-91 
irradiated. See Irradiated pressure 
vessels materials 
base metals, 175-9 
irradiation of, 171-85 
weld metals, 179-81 
repair of, 288 
weldments, annealing and reirradiation, 
_ 155-70 
Pressurized thermal shock (PTS) 
conditions, 227 
Pressurized thermal shock experiments 
(PTSE-1), 217-21, 233 
test results, 219-21 
Pressurized water reactors (PWR), 44-5, 
119-20, 149, 293, 303, 304, 332, 
336, 338, 351 


Radioactivity levels, methods of reducing, 44 


Reactor water clean-up (RWCU) ion- 
exchange resin, 49 
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Recirculation inlet safe ends, 12-14 
Reinitiation of arrested cracks, 235 
Re-rolling process, 42 
Residual stresses 

benefits of, 71-5 

X-ray measurements of, 41 
Reversing DC potential technique, 6, 13 
ROGER, 103, 105, 106 
Rotating pancake coil (RPC), 96-100 
Roto-peening, 38-41 
Rupture behaviour, 276 
Rupture pressures, 287 


Shielded metal arc weld (SMAW), 241 
Shot-peening, 38-41 
Sizewell B nuclear power station, 345-53 
discussion, 356-7, 359-64 
inspection in-process and in-service, 
350-1 
Public Inquiry, 346-7 
Specimen size effect on growth rates, 131 
Stainless steel, 13-14, 18, 47, 51-6, 78, 92, 
241, 251 
Standard Review Plan (SRP), 240-1 
Start-up environment, 48, 56 
Steam generators 
additional operations, 43-5 
application of maintenance techniques, 
32-5 
decontamination process, 44 
electro-polishing, 45 
plug removal, 105-8 
recovery of loose parts, 43 
reducing radioactive exposure, 44 
repair of, 31-45 
discussion, 110-12 
safety considerations, 31-2 
sludge and tube deposit removal, 43 
tube/anti-vibration bar wear, 44 
tube plugging, 33-5 
tube problems, 32 
tube recovery, 35-8 
tube remedial measures, 38-42 
tube removal, 35 
U-bend 
heat treatment, 100-5 
inspection program, 96-100 
integrity, 95-108 
discussion, 115-16 
Stratification problems, 149 
Stress 
analysis, 347-8 
corrosion cracking, 3, 119-42 
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Stress—contd. 
BWR piping systems, 17-29 
discussion, 293 
reactor environments, !26—7 
safety margins against, 132-5 
see also Intergranular stress corrosion 
cracking (IGSCC); Transgranular 
stress corrosion cracking 
(TGSCC) 
history, 12 
intensity effect, 122-4 
intensity factor, 227, 274 
approximate method, 208-10 
at crack arrest, 207-25 
discussion, 297-9 
versus time determination, 11 
Structural integrity assurance, 3-15 
discussion, 109-15 
Submerged arc weld (SAW), 241 
Sulfate impurity effects, SC -1 
Sulphur effect on growth rates. 130-1 
SUPERTAB, 288 
Surry Unit 2 piping failure, 331-43 
Surveillance program 
annealed pressure vessels, 164-9 
general strategy for, 165 
transition temperature monitoring, 
166-9 
upper shelf toughness monitoring, 167-9 


Temperature effects, on stress corrosion 
cracking, 127-8 
Temperature history, 11 
Thermal aging embrittlement, 78 
Thermal fatigue, 149 
Thermal mixing tests, 188-90 
Thermal shock effect, 303 
Thermal shock tests, 187-205 
future investigations, 203-4 
nozzle, 192-6 
RPV wall, 196-204 
see also Pressurized thermal shock tests 
Thermal stresses, 150 


Three Mile Island, 316 
THSI (TIG torch reheating stress 
improvement), 90-2 
Transgranular stress corrosion cracking 
(TGSCC), 126-35 
effect of oxygen, 128-9 : 
effect of specimen size, 131 
effect of sulphur, 131 
effect of temperature, 127-8 
Trojan Nuclear Plant, 312-13 


USNRC Regulatory Guide 1.99, 172-84 
Vickers hardness number, 158 ’ 


Water chemistry, 12-14, 124, 135, 334, 336 
impurity effects in, 47-57 
discussion, 112-13 
see also Hydrogen water chemistry 
(HWC) 
Weld metal, 179-81 
IGSCC resistance, 69 
specification, 65 
Weld metal overlay (WOL), 90 
Weld overlay repair, 59-82 
application, 64-6 
Battelle/NRC degraded pipe tests, 75-6 
degradation mechanisms, 76-8 
design, 60-4 
discussion, 113-14 
in-process and post-overlay 
examinations, 66 
nondestructive examination, 78-9 
qualification for long-term service, 
69-78 
shrinkage effects, 66-9 
Welding process and equipment, 65 
Welding requirements, in-process, 65 
Wide-plate tests, 209, 215-17, 221-2, 233 ae 
test results, 219-21 


